The present investigation was designed to examine the effects of orienting task-controlled processing on electrodermal response and free recall at two delay intervals for 94 young, 49 young-old (age 55 to 70), and 61 old-old (age 71 to 85) individuals. Subjects were presented with a list of 25 words and performed one of the following tasks: semantic, nonsemantic, or passive listening, presented in an incidental memory paradigm, or intentional memorization. Recall was obtained 2 min or 48 hours after list presentation. At the 2-min delay, the pattern of recall across tasks for the young-old and old-old subjects was similar to that of college students. Overall, the old-old recalled fewer words than the young and youngold, while the young-old recalled as many words as the young. After 48 hours, the task-related recall pattern was observed only in the young group. The skin conductance data indicated that task effects were similar across the three age groups and that response magnitude was lower in the old-old than in the two younger groups. No differences in skin conductance were found between the young and young-old. Age differences in memory processing suggest that difficulties in delayed retrieval of semantically encoded words may increase during late adult years. Differences in electrodermal responses in the old-old compared to the young and young-old suggest that the range of autonomic responsivity to task demands may become restricted in advanced age.
I N order to investigate the effects of different processing strategies on memory, orienting tasks have been used to control the nature of processing operations on stimuli. Jenkins and his colleagues have found that tasks requiring semantic processing of words result in greater recall than those requiring nonsemantic processing (Hyde & Jenkins, 1969 Johnston & Jenkins, 1971; Till & Jenkins, 1973; Walsh & Jenkins, 1973) . Performance of tasks involving word meaning, without prior knowledge of recall requirements, results in free recall levels comparable to those observed in intentional memorization (Jenkins, 1974b) . These findings led Jenkins (1974a) to emphasize that processing for meaningfulness is a critical determinant of memory performance. Craik and Lockhart (1972) have outlined a "levels of processing" framework of memory function which regards the trace as a byproduct of the "depth" or degree of meaning- 2 '\ndrus Gerontology Center, Unit, of Southern California. Los Angeles 90007.
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fulness to which a word is processed. Poor recall following a semantic task is thought to be a function of "low level," simple perceptual operations performed on stimuli, while superior recall following a semantic task is a function of processing past perceptual levels to "deeper," more complex semantic levels. Using the Craik and Lockhart (1972) formulations, Eysenck (1974) argued that the welldocumented phenomenon of poor memory performance in older adults compared to the young (see Craik, 1977 , for a review) was due to an age-related deficiency in semantic (i.e., "deep") processing. He compared recall of young and old individuals subsequent to performance of semantic and nonsemantic orienting tasks. He found that recall was greatest for semantic tasks and poorest for nonsemantic tasks in each age group. Although older people recalled as many words as the young when they performed a nonsemantic task, they recalled fewer words than the young when the task was semantic. White (cited by Craik, 1977) found similar free-recall results following orienting task-controlled processing. Craik (1977) has argued that part of the age-related deficiencies in memory are related to inadequacies in attentional processes at initial encoding and recommends that these processes be investigated in the elderly.
A convergent approach to the study of attentional deficits in aging involves the investigation of physiological activity accompanying task performance. Responsivity of the autonomic nervous system has been associated with psychological constructs such as "activation," "attention," or "arousal." These constructs, in turn, may be related to memory (Craik & Blankstein, 1975) .
Electrodermal responsivity (EDR) is frequently used as an index of autonomic activity. Various studies using a paired-associates paradigm have shown a positive relation between level of EDR and delayed, but not immediate, recall (Butter, 1970; Kleinsmith & Kaplan, 1963 , 1964 Walker & Tarte, 1963) . In free-recall studies, the same relationship has been observed for both immediate and delayed recall (Maltzman et al., 1966; Sampson, 1969) . This relation between EDR and recall has been shown to hold for delay periods ranging from 30 min to 1 week (Butter, 1970; Kleinsmith & Kaplan, 1963 , 1964 Maltzman et al., 1966; Sampson, 1969; Walker & Tarte, 1963) and up to 2 weeks, if attention has been directed toward item meaning (Corteen, 1969) .
If memory is the result of the nature of operations performed on a stimulus and EDR magnitude is related to recall level, greater-magnitude EDRs should plausibly be observed for individuals performing "deep" processing tasks, compared to those performing "shallow" tasks. Zelinski et al. (1975) found that a semantic task elicited larger skin resistance responses and greater recall than a nonsemantic task. This relation also held for recall obtained 48 hours after task performance.
If older persons are deficient in their ability to process stimuli "deeply," it would be expected that EDR monitored during semantic task performance would not differ from that observed during a nonsemantic task.
The present study was designed to investigate the relationship between orienting taskcontrolled processing, EDR, and recall at two delay intervals in three age groups. Performance was examined in two groups of older adults -the young-old (age 55-70) and the old-old (age 71-85) (after Neugarten, 1975) . This was done to determine whether taskrelated differences in the dependent measures would be parallel across the upper reaches of the adult life span. A group of college students served as young controls. The hypotheses to be tested were:
I. An interaction of age with task in immediate and in delayed recall is predicted, with the pattern of task-related recall scores differing across age groups. In the young, greater recall differences between semantic and nonsemantic tasks are predicted than for task-related recall comparisons in the old groups. II. An interaction of age with task in EDR level is predicted, such that for young controls, semantic processing will elicit greater magnitude EDRs than nonsemantic processing. Task differences in EDR are not predicted for either old group.
METHODS
Subjects. -Young subjects were 94 undergraduate psychology students at the University of Southern California who participated to fulfill a course requirement. The age range was 18-30 years.
Young-old subjects were 49 communityresiding volunteers living in Santa Monica, CA, with an age range of 55-70 years. Old-old participants were 61 community-residing volunteers from the same population as the young-old. Their ages ranged from 71-85 years. Attrition in the delayed recall condition involved 1 young-old and 3 young subjects.
Subject groups were found comparable on the basis of performance on the Verbal Ability and Word Fluency subtests of the Primary Mental Abilities Test (Thurstone & Thurstone, 1949) . Self-report health measures revealed no evidence of any serious health-related problems. Within each age group, subjects were randomly assigned to one of eight conditions. Materials and apparatus. -Twenty-five words selected from the Paivio et al. (1968) norms with imagery-concreteness ratings greater than 5.6 were used as stimuli. They were recorded in random order on a Craig stereo tape recorder at 10-sec intervals. The 10-sec interval was chosen to insure the recovery of specific EDRs between item presentations (cf. Venables & Martin, 1967) . Electrodermal activity was assessed by monitoring skin resistance responses (SRRs) and basal resistance level (BRL). Beckman Ag/AgCl electrodes were attached to the distal phalange of the first and third fingers of the nondominant hand and connected to a Beckman 411 Dynograph. A time constant of 3 sec was used, and the fast frequency filter was set at 30 Hz. Magnitude of SRRs which occurred between 0.5 and 4.5 sec after stimulus presentation was determined for each stimulus item.
Procedure. -Following electrode application, an initial 5-min rest control period was run. Subjects were informed that they would hear a word list and have to perform one of the following orienting tasks:
(1) Semantic task: Subjects rated each word as pleasant or unpleasant on a check list response sheet.
(2) Nonsemantic task: Subjects decided whether there was an E or a G in the spelling of the word and recorded their response on a check list.
(3) Passive listening task: Subjects listened to the words and placed a check mark on a response sheet as they heard the word.
(4) Intentional memorizing: Subjects listened to the words and tried to memorize them. They also checked a response sheet as each word was heard.
When it was clear that the subjects understood the instructions for their respective tasks, the list was presented. Following list presentation, subjects relaxed for a 2-min rest control period. Subjects in the 2-min recall condition were asked to free recall the words. Subjects in the delay condition recalled the words 48 hours later.
All subjects were allowed 3 min for recall. Old subjects were allowed a fourth minute for recall, but no one recalled any additional words.
Analysis. -The first two and last three items of the word list were excluded from analysis in order to eliminate primacy and recency effects. The number of words remaining served as the dependent measure for recall.
Skin conductance responses (SCRs) were computed using a modification of the formula reported by Hill (1967) , (Logic (((RL -RL) *iO 9 ) + 1)), where R B = skin resistance at the initiation of the inflection and R A = the skin resistance at the point of maximum inflection. Skin conductance responses were organized into five 5-word blocks. SCR values were averaged within each block.
In order to test the hypotheses generated regarding effects of age and task on recall and SCR, the data were analyzed with analysis of variance. The recall data were analyzed separately for each delay condition in Age x Task (3 x 4) ANOVAs. Skin conductance data were analyzed in an Age x Task x Block ( 3 x 4 x 5 ) ANOVA with the block factor repeated. Following significant Fs, nonorthogonal comparisons of means were made with the Newman-Keuls procedure. The criterion set for determining the level of significance was p<.05.
RESULTS
Mean recall scores for the four task conditions and two delay intervals are reported in Fig. 1 for all age groups. Results of the unweighted means analysis of variance for the immediate condition revealed that age, F (2, 96) = 9.24, MS e = 8.46 and task, F (3, 96) = 13.99 significantly affected recall. The hypothesized Age x Task interaction was not significant, F (6, 96) = .54. Contrasts of mean recall across the three age groups indicated that the young and young-old recalled more words than the old-old. No differences were found between the young and young-old on recall. Critical values to be exceeded for comparisons of means were qi = 1.37 and qz = 1.64. Contrasts for the task effect revealed that intentional memorization and pleasant/unpleasant tasks were not statistically different from one another on the word recall measure. Significantly more words, however, were recalled in these tasks than in the E/G and 'passive listening tasks. Passive listening produced recall which did not differ from that of the E/G task (q 2 = 1.56, qs= 1.88,44 = 2.06).
Unweighted means analysis of delayed recall indicated that age, F (2, 81) = 5.97, MS t = 5.84, task, F.(3, 81) = 21.59, and Age x Task, F (6, 81) = 2.25 were significant. Comparisons of means across the three age groups revealed that the young recalled significantly more words than either old group 48 hours following list presentation. Mean recall did not differ between the youngold and old-old (q 2 = 1.30, q* = 1.54). Tests of mean differences as a function of task indicated that recall following intentional memorizing significantly exceeded that of pleasant/unpleasant, passive listening, and E/G tasks (q 2 = 1.40, qs = 1.85, q 4 = 2.02). Pleasant/unpleasant recall was significantly greater than that following either passive listening or E/G tasks. Passive listening and E/G recall did not significantly differ.
Effects in the Age x Task interaction were tested with simple effects contrasts of delayed recall as a function of task for each age group. For the young subjects, the contrasts indicated that performance of the intentional memorization task elicited greater recall than that of the pleasant/unpleasant, passive listening, and E/G tasks. The pleasant/unpleasant task, in turn, produced greater recall than passive listening and E/G, which were equivalent to each other, (q 2 = 1.96, qs = 2.35, q4 = 2.58). No significant between-task differences were observed for delayed recall in either the young-old or old-old group. Fig. 2 shows the mean conductance responses for the five blocks of five words, each plotted for each orienting task in the three age groups. The overall mean conductance response and corresponding standard deviation for each group are also shown. Unweighted means analysis of variance results indicated that age, F (2, 185) = 5.35, MSQ = 2.15, and task, F (3, 185) = 2.74 significantly affected SCR. There was no significant Age x Task interaction, F (6, 185) = 1.10. Comparison of mean SCR across age groups indicated that SCR was of greater magnitude in the young and the young-old when compared with the old-old. The young and young-old did not differ on SCR (42 = .21, ^3 = .25). Contrasts made between mean SCR as a function of task indicated that the "active processing" taskspleasant/unpleasant, intentional memorization, and the E/G conditions were not statistically different from one another. SCR during performance of each of them, however, was significantly different from SCR elicited by passive listening (</2 = .26, qi = .31,^4 = .34).
DISCUSSION
The results of the immediate recall condition for the three age groups indicate the beneficial effects of semantic encoding and replicate the findings of Jenkins (1974a Jenkins ( , 1974b . Our data support the evidence presented by Eysenck (1974) and by White (cited by Craik, 1977 ) that task-related differences in recall are observed in older adults, and extends this finding to recall in the very old. The analysis of recall across age groups indicated that while the old-old recalled fewer words than the young, the young-old recalled as many words as the young. Eysenck (1974) and White (cited by Craik, 1977) , however, reported an interaction between age and task such that recall differences following semantic task performance were found between young controls and old individuals generally equivalent in age to the young-old group investigated here.
A major difference between the present study and the earlier ones is the time interval between words. A 10-sec interword interval was used here, which is longer than the intervals used in other studies. To determine whether the absence of differences in recall between the young and young-old was a function of a relationship between semantic task performance and interword interval, a second experiment was conducted. The word list used in the present study was recorded at 4-sec intervals and presented to 15 young and 14 young-old subjects, obtained from the same populations used in the present investigation. Both groups evaluated words as pleasant or unpleasant. Free recall obtained 2 min after list presentation indicated that young subjects recalled 9.6 (SD = 1.88) of the 20 list items included in the analysis, while the young-old recalled 7.8 (SD = 2.96) items.
Analysis of 4-and 10-sec data for both age groups indicated that there was no significant interaction of age by interword interval, F (1, 46) = 1.01, MSQ = 5.16. The age main effect was borderline,/ 7 (1,46) = 3A2,p < .06. Inspection of the data shows that the young subjects in the 4-sec condition recalled slightly more words than those in the 10-sec group. Young-old subjects, however, recalled slightly more words in the 10-compared to the 4-sec groups. In this study, processing time does not appear to affect recall systematically in either young-old or young subjects.
In the oldest group, overall recall performance was significantly lower than that of the two younger groups, despite similar taskrelated recall patterns. These data suggest that qualitatively the results of encoding processes are stable throughout the upper reaches of the adult life-span. Whether level differences in recall in the very old are related to a requirement for processing times longer than 10 sec between words remains an open question.
In delayed recall, the hypothesized interaction between age and task was obtained. Contrasts were made to test the simple effects of task at each age level. For young subjects, more words were recalled if they were memorized than if they were processed in any other manner. Individuals in the pleasant/unpleasant group recalled more words than those in the passive listening and E/G tasks. There were no differences in recall between the latter tasks. This suggests that intent to recall may increase retrievability of items over a delay period to a greater extent than incidental semantic processing. In turn, semantic encoding increases retrievability of words relative to nonsemantic processing.
No differences in delayed recall as a function of task were found for either the youngold or old-old. This indicates that initial encoding does not affect the delayed recall of the elderly. Since encoding is effective in immediate recall of individuals of the same ages, it can be argued that poor delayed recall is not necessarily a function of inadequate encoding. Rather, retrieval difficulties may be the source of the delayed recall deficit in the young-old and old-old. White (cited by Craik, 1977) found that, while older subjects recalled fewer words than the young, they recognized as many words as the young fol-lowing semantic processing. Craik proposed that these data suggest a retrieval deficit with age.
Although EDR varied as a function of task, the hypothesized relation between "deep" processing and SCR magnitude reported by Zelinski et al. (1975) was not observed. It was found that tasks requiring "active" manipulation of the stimuli (intentional memorization, pleasant/unpleasant, E/G) elicited equivalent SCR levels which were significantly greater than that elicited during passive listening. These results suggest that processing depth does not elicit corresponding recall and SCR levels. It appears that effort, or involvement with the stimuli, was reflected by SCR. Effort is not necessarily critical to memory performance. Walsh and Jenkins (1973) demonstrated that increasing effort to perform a task does not affect recall; recall improved only when tasks requiring semantic processing were performed.
The old-old had lower magnitude SCRs compared with the two younger groups. This may be a function of the decrease in autonomic responsivity observed with increasing age (Marsh & Thompson, 1977; Thompson & Marsh, 1973) , in which old subjects have a more restricted range of autonomic reactivity than the young. Our data suggest that this restriction is not apparent until very old age.
The SCR and immediate recall data show that there are similarities in level of cognitive and autonomic response in the young and young-old and differences between them and the old-old. However, there appear to be no qualitative task-related differences across the three age groups with respect to both processing and physiological measures. This suggests that the mechanisms underlying response on these measures may become less efficient with age, but probably do not change appreciably on qualitative dimensions.
SUMMARY
The purpose of the present study was to investigate the effect of performing various orienting tasks on electrodermal response (EDR) (an index of autonomic responsivity) and recall at two delay periods in three age groups: young (18-30), young-old (55-70), and old-old (71-85). Skin conductance responses were monitored while subjects listened to a list of 25 words and performed one of four orienting tasks: (1) determining whether each word was pleasant or unpleasant (semantic processing); (2) determining whether each word contained an " E " or a "G" (nonsemantic processing); (3) listening to the list, performing no "active" task (passive listening); or (4) intentionally memorizing the list (intentional memorization). Following task performance, they were asked to free recall the list, either 2 min or 48 hours after the last word had been presented.
Recall results for the 2-min delay indicated that subjects recalled more words following the semantic or memorization tasks than following the passive listening or nonsemantic tasks. Overall, the old-old recalled fewer words than the young, while the young-old recalled as many words as the young. Recall levels following the 48-hour delay indicated that the task effects still held for the young group, but not for either old group. The analysis of EDRs during task performance indicated that "active" processing tasks (semantic, nonsemantic, intentional) elicited greater magnitude responses than passive listening. Magnitude of electrodermal response was similar in the young and young-old. Response magnitude was lower in old-old than either younger group.
These results suggest that in immediate recall the young-old are as capable as the young in adequately encoding items into memory according to task demands. Old-old subjects, on the other hand, appear to have a "recall" deficit, which is quantitative but not qualitative in nature.
The effects of task on EDR suggest that EDR reflects effort rather than processing level. The lack of task effects on EDR in the old-old is thought to be due to a restriction of range in autonomic responsivity with advanced age. The general conclusions of this study are that there are no age differences between young and young-old in immediate recall when the pleasant/unpleasant task is used to elicit processing. Age differences in processing are observed in the very old at immediate recall and in both young-old and old-old at delayed recall. A lack of autonomic responsivity as related to task is observed in the old-old.
